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COBBBIT  PBLSB  GBMBBATOB  WITH  AHPLITODB  OP  10«  A AID  STABILITT  OP 
tl0~3  AT  A BBPBTITIOR  BATE  OF  T«0  Hz 

1 

t 

I 

t 

E.  F.  Bayanov,  A.  T.  II* in,  T.  H.  Pakin,  A.  P.  Panov,  G.  I. 

Sil*  vestrov 

(Institute  of  Nuclear  Physics  (ITaF)  [V(9|flp]  of  the  Siberian  Branch 
(SO)  [C^]  of  the  Acadeay  of  sciences  (AN)  [BH]  BSSB) 


It  is  often  necessary  to  create  powerful  generators  which 

operate  on  an  inductive  load  in  order  to  obtain  strong  sag  net ic 
fields,  as  well  as  to  use  poised  systews  in  acceleration  eqoipnent. 
Furtheraore,  experiaental  conditions  soaetines  place  linitations  on 
the  duration  and  fora  of  the  current  pulse  and  the  stability  of 
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1 

carreat  aaplitude,  and  also  rsqnire  blgk  opacatiag  rsliability.  '< 

I 

1 

This  report  ezaslnes  the  generator  created  at  the  ITaP  of  the  SO 
AH  OSSB  which  provides  a unipolar  sinusoidal  current  pulse  with  a 
base  length  of  1.2  as  and  an  aaplitude  of  10*  aaperes.  It  is  stable  j 

with  precision  of  iO. lo/o  at  a repetitios  rate  of  several  hertz  for  j 

an  inductive  load  of  0. 1 pH.  | 

I 

In  the  case  in  guestion,  the  pulsed  current  in  the  load  circuit  J 
cannot  be  directly  switched  because  there  are  no  gates  for  this 
current.  Thus«  a pulse  aatching  transforaer  coabined  with  a 
high-voltage  ten  kh-current  switching  gate  is  used. 

The  generator  (diagraa  in  Pig.  1)  consists  of  cuaalative 
capacitor  C,  ^ nhich  is  charged  through  controlled  gate  Tj-T**  to  the 
priaary  siadiog  of  the  pulse  transforaer  (Tp^.  The  capacitor  is 
recharged  through  a special  recharge  choke  (Dri)  and  recharge  diodes  i 
[ (1>i~'D4o)  order  to  recover  the  energy. 

It  suffices  to  regulate  the  voltage  on  the  cuaulative  capacitor 
in  order  to  obtain  short-tera  current  aaplitude  stabilization  (as 
experience  has  shown).  In  this  case*  the  voltage  is  regulated  by 
discharging  portions  of  the  charge  through  a special  discharge 
circuit  (3)  which  is  controlled  by  coaparison  circuit  («)  [1].  Due  to 
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the  large  dyiwBic  and  thecaal  loada  in  this  genecatoc*  its  pacaaetecs 
la  the  circuit  can  be  seen  to  shift  slowly  through  tine.  Therefore, 
an  autoaatic  current  aaplitnde  adjustaent  circuit  C^)  is  provided  to 
coapeasate  for  these  shifts  by  gradually  changing  the  level  of  the 
regulated  voltage  on  the  capacitor. 

The  Batching  transforaer  is  aadc  by  the  "cable*  priaciple 

[2].  In  order  to  decrease  the  transforaer 's  active  losses  and  stray 
inductance,  it  is  aade  in  the  fora  of  secondary  bulk  winding  3,  in 
the  closed  grooves  of  which  the  wide  flat  torus  4 of  the  priaary 

windiqg  are  wound  (Pig.  2).  This  design  provides  the  coaplete 
connection  of  the  secondary  winding  current  with  the  priaary,  whereas 
the  stray  currents  of  the  individual  priaary  turns  are  not  connected 
to  each  other.  This  aakes  the  stray  inductance  proportional  to  the 
first  order  of  the  nnaber  of  turns.  Here  the  turns  of  the  priaary 
winding  are  in  dynanic  eqoilibriua.  They  are  isolated  froa  the 
secondary  winding  by  epoxy-glass  insolation  four  an  thick  for  a 
voltage  of  20  kT.  The  transforaation  coefficient  is  40.  The  stray 
inductance  is  8*10'*  H.  The  aagnetic  circuit  cross  section  is  5x600 
CB>,  while  the  peak-to-peak  induction  in  iron  at  a current  of  10*  k 
is  15  kGaoss. 


I 


The  aain  problea  in  creating  the  generator  was  developing  a 25 
kk  switching  gate  at  a voltage  of  10  kV  and  pulse  length  on  the  order 
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of  on*  *8. 

W*  d*cid*d  against  the  aercnry  galas  ocdinacilf  osad  in  tkis 
tjpa  of  systas  du*  to  thair  bulk  and  cosplaxity  of  oparation. 

Wo  types  of  gates  were  developed  foe  this  generator.  The  first 
version,  a thyristor  gate,  is  shown  in  the  diagras  in  Pig.  1.  The 
snail  thyristors  which  aake  up  this  gate  do  not  require  filasent 
circuits,  are  not  very  sensitive  to  changes  in  external  tenparatura, 
and  have  a long  life. 

Tests  conducted  on  the  thyristors  in  the  short  pulse  switching 
node  indicated  that  OPAKL-150  or  TKD0-1S0  thyristors  are  capable  of 
switching  currents  of  up  to  five  kk  at  a sinusoidal  pulse  length  on 
the  order  of  one  ns.  Onder  thesw  conditions,  the  thyristors  can 
withstand  several  aillion  poises  without  perceptibly  changing 
paraaaters.  Conditions  in  which  on  the  order  of  three  kA  is  sent 
through  each  thyristor  were  seleted  in  the  working  circuit  of  the 
generator  in  order  to  provide  reliability. 

The  generator's  switching  gate  consists  of  eight  parallel 
branches  with  twelve  saries-'connected  TRD0-150>7  thyristors  in  each 
branch.  A potential-egoalixing  resistor  ( ) is 

connected  in  parallel  to  each  thyristor,  and  each  branch  is  connected 


I 

i 
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I to  a coBBon  point  on  the  ciccait  through  couplBd  anod*  raactors 

I uhlch  divida  the  currents  according  to  branches  with 

i precision  of  up  to  lOo/o.  The  thyristors  ar<  controlled  fros  one 

i starting  generator  (7)  through  the  pulse  traasforners  (Tr|-rr««);  the 

I I prinary  winding  is  a single  wire  with  high-woltage  insulation 

I(Bagneto)  which  passes  consecutiwely  through  the  aagnetic  circuits  of 
^ all  the  tr ansf orners. 

r 

t 

I One  peculiarity  of  the  operation  of  the  thyristors  is  that 

I individual  aaplitude  overloads  above  eight  kA  and  a current  build-up 

rate  higher  than  20  A/ms  can  render  individual  thyristors  or  entire 
segueatial  branches  conpletely  inoperable.  This  requires  special 
thyristor  protection.  A cutoff  tube  (B«)  with  solid  insulation  was 
developed  for  this  purpose.  When  the  electronic  protection  systen  (6) 
operates  in  reaction  to  the  aaplitude  and  the  current  derivative* 

I explosive  breakdown  occurs  and  the  cutoff  tube  shorts  the  entire 

\ switch  within  a few  ps*  thereby  saving  the  thyristors  fron 

i destruction.  This  circuit  also  cuts  off  the  generator's  power  through 

the  DBS  [blocking  and  signalling  control]  systen. 

The  cuBulative  capacitor  is  recharged  through  the  choke  (Ori) 


and  through  four  parallel  branches  of  TKDL-200-9  diodes  with  up  to 
ten  series -connected  elenents  (O1-O40).  The  recharging  pulse  length 
is  ten  as  at  an  aaplitude  of  2.6  kA. 
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k gas-dischacge  gate  controlled  by  a poised  sagnetic  field  was 
developed  as  the  second  version  of  the  switch  (fig.  3). 

Cathode  1 and  anode  2 are  two  coaxial  stainless  steel  cylinders 
which  evolve  into  disks  3 and  4 (which  are  insalated  fros  each  other) 
at  the  ends.  Supply  cables  are  syssetrically  attached  to  these  disks. 
A helical  groove  is  cut  on  the  outer  tube  - the  cathode.  Double-wound 
2x10*  SB  copper  bus  winding  6 is  wound  in  this  groove*  forning  the 
sagnetic  field  in  the  working  gap. 

The  saxiauB  value  of  the  field  is  near  the  cathode*  and  it 
rapidly  declines  toward  the  anode.  Both  its  value  and  sign  vary  with 
the  periodicity  of  the  winding  pitch  in  the  axial  direction  along  the 
winding. 

The  wall  of  the  stainless  steel  cathode  is  one  an  thick; 
therefore*  the  skin  effect  plays  a very  snail  role  and  the  pulse 
field  between  the  anode  and  the  cathode  virtually  duplicates  the  fora 
of  the  pulse  current  in  the  control  winding  through  tine  in  the  100 
ps  - 2 as  range  (see  Pig.  4). 


The  gate  operates  in  the  pressure  range  of  3*  10~*->6*1 0~*  an  hg 
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in  aic  and  argon  at  an  anode-cathode  gap  of  one  ca  and  pulse  field 
asplitnde  on  the  surface  of  the  cathode  of  500  Oe. 

This  sethod  of  control  provides  effective  gating  and  the  unifors 
distribution  of  the  charge  over  the  entire  surface  of  the  electrodes 
uner  the  control  Jinding,  The  gate  operates  reliably  in  the  25  kh 
node  at  10  kV  for  one  ns. 

In  this  node,  the  generator  has  successfully  withstood  10* 
pulses  and  continues  to  operate  reliably. 
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